Introduction: The cellular model of body composition divides the body in body cell mass (BCM), extracellular solids and extracellular fluids. This model has been infrequently applied for the evaluation of weight loss (WL) programmes. Objectives: (1) To assess changes in body compartments in obese men undergoing fasting, very low calorie diet (VLCD) and low calorie diet (LCD); (2) to evaluate two cellular models for the determination of changes in BCM, fat mass (FM) and body fluids. Materials and methods: Three groups of six, obese men participated in a total fast (F) for 6 days, a VLCD (2.5 MJ per day) for 3 weeks or an LCD (5.2 MJ per day) for 6 weeks. Body composition was measured at baseline and after small (B5%) and moderate (B10%) WL. FM was measured using a four-compartment model. Total body water (TBW) and extracellular water (ECW) were, respectively, measured by deuterium and sodium bromide dilution and intracellular water (ICW) calculated by difference. Two cellular models were used to measure BCM, FM and body fluids distribution. Results: After about 5%WL changes in TBW were F ¼ À3.2±1.2 kg (Po0.01), VLCD ¼ À1.2±0.6 kg (Po0.01), LCD ¼ À0.3 ± 0.9 kg(n.s.). The contribution of TBW to total body mass loss was indirectly associated with FM loss. ECW increased during fasting ( þ 1.5±3.1 kg, n.s.), decreased during the VLCD (À2.0±1.5 kg, Po0.05) and remained unchanged at the end of the LCD (À0.3 ± 1.6 kg, n.s.). ICW significantly decreased during fasting (À4.7 ± 3.9 kg, Po0.05) but did not change in the LCD and VLCD groups. The loss of BCM was more significant in the fasting group and it was directly associated with changes in ICW. Conclusions: After a 6-day period of fasting we observed more ICW losses and less fat mobilization compared with VLCD and LCD. The cellular model of body composition is suitable for the characterization of changes in body fluids distribution during WL.
Introduction
The prevalence of obesity is increasing across the world and recent projections suggest that by the year 2030 the worldwide number of obese individuals, taking into account secular trends, could be more than 1.1 billion. 1 The health consequences of this trend are an increase in associated obesity co-morbidities like hypertension, 2 diabetes 3 and metabolic syndrome 4 as well as a rise in the number of subjects enroling in weight management programmes. 5, 6 The weight loss (WL) achieved in these programmes can vary, as it is influenced by the type of programme (diet þ exercise, pharmacological, bariatric), which can affect the rate of WL and the composition of the tissue loss. 7, 8, 9 Hence, it is important to understand the effects of underfeeding on body metabolism and the interaction between the rate of WL and changes in body composition to determine the effectiveness and safety of the programmes. The cellular model of body composition proposed by Wang et al. 10 is suitable to study changes in fluid compartments during WL as it divides the whole body in body cell mass (BCM), extracellular fluids (ECF) and extracellular solids (ECS), which represent, respectively, B65, B25 and B10% of body weight (BW) in the reference man. 10 The same authors have recently revisited the relationship between BCM and fat-free mass (FFM) suggesting that the BCM/FFM ratio is mainly determined by the ratio between extracellular water (ECW) and intracellular water (ICW) (E/I). 11 The E/I ratio is an indicator of total body fluid distribution and hydration status. 12 Adipose tissue (AT) has a higher E/I ratio compared with lean tissue 13, 14 and therefore an expansion of the AT could therefore determine an expansion of ECW and an increase in E/I, a finding often seen in obese subjects. 15, 16 WL after bariatric surgery 17 and very low calorie diets (VLCD) 14 did not have an effect on the E/I ratio, which suggests an intrinsic abnormality in water compartmentalization in obesity because of a high E/I of the AT, an obesityresistant expansion of ECFs or to hormonal responses associated with the excess adiposity. 14 Several studies have assessed changes in body composition and water distribution during fasting of different duration in obese and non-obese subjects. [18] [19] [20] [21] Fasting was either used as a treatment in obese subjects [21] [22] [23] or to test the effects of starvation on physical and psychological performance in normal weight soldiers. 20, 24, 25 No studies so far have formally compared the effects of fasting on body composition to other dietary plans after achieving similar proportional changes in body mass to assess the effects of rate of WL on body composition. The study investigated the effects of different levels of negative energy balance (fasting (F), VLCD and low calorie diet (LCD) on body composition changes and body fluids distribution in 18 obese men. The primary objective was to look at differences in changes in fat mass (FM) and body water distribution (ECW and ICW) in the three WL groups. The secondary objective was to use two recently proposed cellular models to measure changes in BCM/FFM ratio (Wang's model 11 ) and body fluids (Chamney's model 26 ) after WL.
Methods
Subjects Eighteen (n ¼ 6 in each group) obese (body mass index 33-40 kg m À2 ) male subjects, aged between 20 and 55 years, were recruited to participate in a WL study. Subjects were only included if they were not on any special religious or prescribed diet; were non-smokers; had stable weight (weight change of no more than 2 kg in the previous 3 months); were healthy based on medical examination, blood tests (full blood count, renal, liver and thyroid function) and electrocardiogram. The volunteers took no regular prescribed medication, vitamin or mineral supplements. The study was approved by the Grampian Research Ethics Committee. Written informed consent was obtained.
Study protocol
The study was a non-randomized WL intervention investigating the effect of three different levels of negative balance on body composition and body fluid distribution in obese men. In the first group, subjects were fasted for 6 days to lose a nominal 5% of the baseline BW (small WL). The second group consumed a VLCD for 3 weeks to lose a nominal 10% of the baseline BW (moderate WL) and the third group followed an LCDregime for 6 weeks, also to induce a moderate WL. Ethical constraint allowed to only fast subjects for 6 days. The three WL programmes were not run simultaneously and the temporal order of the interventions was fasting, VLCD and LCD. Each study had a similar design (see Table 1 for outline of study protocol). On days 1-6 (termed maintenance period), subjects consumed a fixed maintenance diet (13% proteins (PRO), 30% fat (FAT) and 57% carbohydrates (CHO)), calculated to meet energy requirements (estimated at 1.6 Â measured resting metabolic rate, RMR). 27 Then followed the period of WL. After this, subjects were maintained at their new lower BW for 1 week (termed Abbreviations: EI, energy intake; LCD, low calorie diet; RMP, reduced maintenance phase; RMR, resting metabolic rate; VLCD, very low calorie diet; WL, weight loss. Measurements of body composition using anthropometry, tracer dilution (deuterium and sodium bromide), air displacement plethysmography and dual X-ray absorptiometry were performed at the end of each phase.
Underfeeding and body water distribution M Siervo et al reduced maintenance period). During this time, subjects were fed a diet calculated at 1.4 Â RMR. Finally, the subjects were allowed to feed ad libitum from a selection of supermarket type foods for a 2-week period. Throughout the study, participants were residential in the Human Nutrition Unit at the Rowett Research Institute, Aberdeen (UK). All food and drink consumed during the protocol was supplied by dietetic staff in the Unit. Measurements of body composition and energy expenditure were performed at the end of each phase. 
Dietary intake

Energy expenditure
During the WL period, subjects undertook mandatory exercise periods, prescribed from a pre-study fitness test. To maintain a habitual level of energy expenditure, the subjects had compulsory exercise targets set daily during the WL periods. The fasting group volunteers had two cycling periods of 40 min at 65-75 W and two step box sessions to maintain energy expenditure at B1.5-1.6 Â RMR, similar to an average daily level of activity within the normal population. This was necessary because subjects within the fasting group were resident in a whole-body calorimeter for the duration of the fast and were otherwise inactive. In the VLCD and LCD studies, subjects exercised for one 45 min session on a bicycle ergometer (Tunturi, Helsinki, Finland) in the Human Nutrition Unit (HNU). Compliance to exercise could be monitored on a day-to-day basis, because subjects wore a heart-rate monitor (POLAR sports tester, Polar Electro, kempele, Finland), throughout the daytime.
RMR was measured at the end of each WL period by indirect calorimetry (Vmax29 metabolic cart, Sensor Medics, Yorba Linda, California, USA), which was used to calibrate the assessment of energy expended on exercise using the FLEX method. 29 The volunteers were requested not to undertake any other strenuous physical activity during the study and recorded their individual exercise sessions. During the final ad libitum feeding phase, subjects determined their own levels of physical activity that is exercise was not mandatory.
Anthropometry
Subject height was measured once to the nearest 0.1 cm using a stadiometer (Holtain Ltd, Crymych, Dyfeld, Wales, UK Extracellular and intracellular water ECW was measured using sodium bromide as the bromide mixes almost exclusively with the extracellular compartments, 14 which are plasma water, interstinal water including lymph and connective tissue water including bone and cartilage. Very little is lost in the urine during equilibration period (also B4 h). 33, 34 The pre-and post-dose concentrations of sodium bromide were determined by the spectrophotometric fluorescein method. This reaction depends on the oxidation of bromide by chloramine, which then reacts with fluorescein to form tetrabromo-fluorescein, which has a peak absorbance at 520 nm. 35 Each sample was analysed in duplicate. The CV of this technique was determined as 0.5-1.0% by Jennings and Elia. 35 ECW was then calculated using the formulae described by Cornish et al.
36
ECWðlÞ ¼ BrdoseðmmolÞ ½Brplasmaðmmol Àl Þ Â0:90Â0:95Â0:945 where 0.945, the fraction of water in plasma 35 ; 0.90, the fraction of the retained bromide dose that is assumed to remain extracellular 37 ; 0.95, the equilibration factor for bromide.
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ICW is equal to the difference between TBW and ECW (ICW ¼ TBW-ECW). The ratio between E/I was used to measure body fluid distribution.
Bone mineral mass
Bone mineral mass (kg) was measured by dual energy X-ray absorptiometry scanning (DXA; Norland XR-26, Mark II-high-speed pencil beam scanner, Norland corporation, Fort. Atkinson, WI, USA equipped with dynamic filtration, with version 2.5.2 of the Norland software). Weekly quality control check with a phantom, over a period of 7 months indicated a CV of 0.94% and 1.52% for bone mineral density and bone mineral content (BMC), 
Body density
Body volume and density were measured using a system of air displacement (Bod Pod, Life Measurement Instruments, Concord, CA, USA). The mean of two estimates of body volume was calculated using predicted lung volume. 38 Percentage body fat was then estimated using the Siri formula. 39 Repeatability measured on the Rowett Research Institute Bod Pod is ± 0.9% body fat. This was calculated from individual data from 17 obese men, measured 3 days apart, being fed to energy balance in the intervening period.
Four-compartment model
The four-compartment model (4-C) model of body composition as described by Fuller et al. 40 was implemented to assess longitudinal changes in body composition. The 4-C model divides the body into fat, water, protein and carbohydrate and mineral mass, thereby avoiding the assumption that the ratio between mineral and protein in FFM is constant. The body composition data collected in each measurement described earlier were combined to yield an estimation of
where A is BMC (kg), TBW is total body water (l), BV is body volume (l) and BW is body weight (kg). Cellular model: excess fluid, lean tissue and AT mass The excess fluid mass (M ExF ) was calculated according to a 3-C model proposed by Chamney et al. 26 The M ExF was defined as the excess of fluid above the physiological amount present in normally hydrated tissues. The model divides the body in AT and adipose-free mass. Adipose-free mass is divided then in normally hydrated lean tissue (NH_LT) and M ExF . The term normally hydrated AT (NH_AT) is used in place of AT. NH_AT consists of stored lipids, essential lipids, water and solids (some protein and non-osseous mineral). NH_LT tissue includes water, protein, osseous and non-osseous minerals, and essential lipids with some intracellular lipids. The ratio of bone mineral to total protein is assumed to be constant as well as the hydration parameters of AT and non-AT in healthy subjects remain largely unchanged in obese or nonobese subjects. 41 The model implied fixed proportions of ICW and ECW regardless of body composition. M ExF can be identified by using BW, ECW and ICW in the equation:
The mass of NH_LT may be simplified to the following:
The mass of NH_AT can be expressed as
FM may be determined as follows:
Compliance to the protocol WL, respiratory quotient plus plasma ketones (b-hydroxybutyrate (BOH)) and glucose were all monitored as indicators of compliance to the WL protocol. 42 
Statistical analysis
Results were analysed by ANOVA test for repeated measures, with study phases as within-subject factor and WL group as between-subject factor. The analysis was adjusted for percent WL relative to baseline to account for inter-individual differences in WL. A post hoc analysis, adjusted for multiple comparisons, was performed to determine significant changes of each study phase relative to baseline. The study phase Â WL group interaction term was built to determine the effects of rate and extent of WL on body composition changes. Two versions of each ANOVA were performed, one with the fasting study excluded as it had no 10% WL, and one with 10% WL excluded so as to include the fasting study. A t-test for dependent and independent samples was performed to test for within-and between-group differences between two variables. Correlation analysis was used to look at the association between changes in FM and contribution of FM and TBW to total change in body mass.
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The BCM/FFM and FM (kg), derived from Wang's and Chamney's models, respectively, were compared with the measurement of BCM/FFM and FM obtained from the multicompartment model. Regression analysis and Bland-Altman method 43 were used to assess the agreement between methods. Statistically significant difference was defined as a P-value o0.05. All data analysis was performed using the SPSS statistical program (SPSS 14.0 for Windows; SPSS, Chicago, IL, USA).
Results
Body weight
The fasting group lost À6.0 ± 1.3 kg after 6 days (Po0.001), which corresponds to a WL of À5.7±1.7%. The rate of WL was À1.0 ± 0.2 kg Â day
À1
. Subjects were on the VLCD diet for 21 days. After 10 days WL was À4.8 ± 0.5% (Po0.001) and at the end of the 21-day period subjects lost À8.6±1.1% (Po0.001). The rate of WL was À0.44 ± 0.06 kg Â day
. The duration of the LCD was necessarily longer (42 days) to induce the same proportion of weight change. After 21days the LCD group had lost 6.8±1.4% (Po0.001) of their initial BW that increased to 12.0 ± 2.3% (Po0.001) after 42days. The rate of WL was À0.30 ± 0.06 kg Â day
. The cumulative amount of weight lost was not different between groups (Groups (G), Table 2 ) whereas a significant difference was observed in the amount of weight lost at the end of each phase (Time (T), Table 2 ) together with a significant interaction (T Â G, Table 2 ) indicating different trajectories of weight change between the three WL groups. Weight did not change during the reduced maintenance phase and subjects continued to lose weight during the ad libitum phase in all groups.
Fat mass
The proportion of FM lost after a small (B5%) and moderate (B10%) WL was significantly different between groups and inversely associated with changes in FM (Table 2, Figure 1a) . During fasting, FM decreased by À3.2 ± 0.5 kg (Po0.001), which corresponded to 54.5 ± 7.2% of the total weight lost. This was significantly different from the proportion of FM lost after B5%WL by the VLCD (68.9 ± 10.4%, P ¼ 0.09) and LCD (82.4 ± 13.1%, Po0.001) groups (interaction term in Table 2 ; Figure 2a) . At the end of the second WL phase, the LCD group had mobilized more fat (91.5 ± 8.3%) than the VLCD group (81.3 ± 5.8%) (Figure 2b ).
Fat-free mass
Fasting induced more significant changes in FFM compared to the other two groups, which was mainly related to the significant reduction in TBW (Table 2) . BMC did not vary during any of the interventions but a significant decline in PRO þ CHO was observed only in the LCD group after about 5% WL. Changes in TBW accounted for 52.0±15.8% of the total mass change in the fasting group, 25.1 ± 13.4% and 3.3 ± 12.6% in the VLCD and LCD groups, respectively (Figure 2a) . The contribution of TBW to total body mass change was inversely associated with FM change (Figure 1b) . Changes in TBW were strongly correlated with BW changes (n ¼ 6, r ¼ 0.75, P ¼ 0.07) in the fasting group but less strongly in the VLCD (n ¼ 6, r ¼ À0.28, P ¼ 0.58) and in the LCD (n ¼ 6, r ¼ 0.50, P ¼ 0.30) groups.
ECW, ICW and ECW/ICW ratio
The changes in ECW interacted with the level of negative energy balance but changes were not significant because of the substantial inter-individual variability ( Table 2 ). The contribution of ECW to total mass change after the first WL phase was reciprocal and significantly different (P ¼ 0.04) in the fasting and VLCD groups accounting for þ 26.1±60.4% and À38.2 ± 26.4%, respectively (Figure 2a) . Similarly, reciprocal significant changes (P ¼ 0.02) were observed with a greater WL in the LCD and VLCD groups with the former having a positive ( þ 19.6 ± 22.6%) and the latter a negative contribution (À21.1 ± 29.9%) to total mass change (Figure 2b ).
Changes in ICW were different between groups as shown by the significance of the interaction term in Table 2 . The fasting group showed greater changes at the end of the first WL phase compared with the other two groups. The contribution to total mass change in the fasting group (À78.2±72.6%) was significantly larger than VLCD ( þ 13.1±26.3%, P ¼ 0.01) and LCD (À4.2±27.6%, P ¼ 0.04) groups (Figure 2a) . Changes in E/I ratio were different between groups as indicated by the significant interaction term in Table 2 . A small WL induced larger shifts in fluid distribution in the fasting group reflected in the 33.3% increase in E/I ratio compared to 11 and 3% in the VLCD and LCD groups, respectively. The linear regression analysis of changes in TBW (kg) (DTBW) on changes in E/I ratio (DE/I) after the first WL phase during fasting, VLCD and LCD showed a steeper association of DE/I with DTBW during fasting (DE/I ¼ À0.13 Â DTBW-0.20, n ¼ 6,
P40.05) and LCD groups (DE
Body cell mass Changes in solid tissue mass (STM) were significant in all groups but the fasting group showed the most significant changes after the first WL phase. Fasting induced greater changes in BCM, which remained below baseline values during the maintenance and ad libitum phases (Table 3) . Pooled baseline BCM and DBCM after B5%WL were highly correlated with baseline ICW (n ¼ 18, r ¼ 0.96, Po0.001) and DICW (n ¼ 18, r ¼ 0.93, P ¼ 0.000), respectively. The BlandAltman analysis showed a good agreement between 
Excess fluid lean tissue and AT mass
In the fasting and LCD group M ExF , NH_LT and NH_AT were comparable to the values reported by Chamney et al. 26 The negative values of M ExF indicate a state of normal hydration with no excess of ECFs (Table 4) . However, after a small Underfeeding and body water distribution M Siervo et al amount of WL fasting induced an expansion of the M ExF (4.5±5.2 kg) compared with the other two groups. It is very interesting to note that the fasting group lost À10.9 ± 9.6 kg of NH_LT and gained 4.5±5.2 kg of M ExF whereas NH_AT (0.3±4.2 kg) and FM (0.2±3.1 kg) remained stable. A less severe negative energy balance induced less NH_LT loss and an increase in NH_AT and FM loss. In the VLCD group M ExF decreased by À2.2±2.3 and À1.1±4.5 kg at the end of first and second WL phases, respectively. In addition, NH_AT and FM contributed more significantly to total mass change. The contribution of NH_AT to total mass change was higher in the LCD group (Table 4 ). The Bland-Altman analysis in Figure 4 shows the agreement between FM measured by 
Discussion
Not so long ago, fasting was considered one of the most effective strategies to treat obese patients and a recent review has re-analysed the potential use of fasting in weight management. 44 Barnard et al. 21 studied seven grossly obese patients fasting for periods between 10 and 45 weeks. Subjects lost on average 35±10% of their weight and FM and ICW accounted for about 50 ± 20 and 22 ± 8% of the weight change, respectively. Our study showed more marked ICW losses compared with the previous study, which may in part, be due to different duration of the fasting periods. Another study 45 on obese subjects during prolonged fasting (range 5-13 weeks) found a rapid loss of water and lean mass, which Underfeeding and body water distribution M Siervo et al seemed to have depended on the nitrogen intake before the beginning of the fast, a confounding effect that was avoided in our study by the 1 week maintenance diet followed by each subject before each intervention. Yang et al. in 1976 46 conducted a 10-day starvation study on six obese subjects. Subjects lost on average 0.75 kg per day of BW, which is comparable to 1.01 kg per day WL observed in our study. Changes in TBW were also similar as the 60.9% in the study by Yang et al. 46 was comparable to the 52% seen in our study.
ECW, ICW and ECW/ICW ratio
Fasting induced a more rapid WL, but a large part of the tissue lost was ICW. Several studies have measured greater losses of water at the beginning of the fasting period, an effect because of glycogen losses and to the electrolyte imbalance. However, with the progression of the negative Abbreviation: FFM, fat-free mass (kg). Data shown as mean ± s.d. The calculation of each compartment was performed according to Wang et al. 11 and it is described in the 'Methods' section of this manuscript. A1: ANOVA performed on the three weight loss groups (fasting, VLCD and LCD) but not including the moderate weight loss phase in the analysis. A2: ANOVA performed on the two weight loss groups (VLCD and LCD) and including the moderate weight loss phase in the analysis. Significant results are highlighted in bold. Post hoc analysis was adjusted for multiple comparisons (Bonferroni). Letters indicate significant differences (Po0.05) of the study phases relative to baseline. a, small weight loss; b, moderate weight loss; c, maintenance; d, ad libitum. Underfeeding and body water distribution M Siervo et al energy balance fat becomes the main source of fuel and is oxidized to sustain the activity of vital organs through the supply of ketone bodies to the brain and glycerol to the liver and kidney for gluconeogenesis. 47, 48 The marked increase in E/I during fasting, caused by the decline in ICW, may be related to modifications of the hydro-electrolytic balance. 20 The expansion of the ECF could be caused by (1) the loss of water molecules in glycogen (ratio ¼ 1:3) because of glycogenolysis, 49 (2) the increased protein turnover to release amino acid to support hepatic and renal gluconeogenesis and (3) a decreased efficiency of the ionic pump (Na/K ATPase) to maintain ion gradients across the membrane and sustain tubular re-absorption in the kidneys. 50 During re-feeding water returns inside the cells because of the insulin-mediated replenishment of glycogen stores, an increase in protein synthesis and to anti-natriuretic effect of insulin and carbohydrate, which determine an expansion of the ECF.
50
The short-fasting period in this study was probably only able to capture the initial high water:low fat mobilization phase, which could explain the difference in tissue mobilization between the three groups and the difference would have been probably leveled off if fasting was protracted. However, the fact remains that the more negative the energy balance is the more adaptive mechanisms the body has to put in place to maintain homoeostasis, and cellular shrinking could simply be a strategy of the regulatory system to reduce energy requirements by diverting the reduced available energy to vital organs activities to prolong survival. 47 Body fat accounted for most of the weight lost in the LCD and VLCD subgroups and no significant changes in E/I were observed after the first WL period. However, E/I showed a tendency to increase at the end of the second WL phase in the LCD group but the results were not significant because of the large between-subject variability in body fluid distribution. In addition the higher baseline E/I ratio observed in the VLCD group may have affected the rate of changes in water 26 and it is described in the 'Methods' section of this manuscript. A1: ANOVA performed on the three weight loss groups (fasting, VLCD and LCD) but not including the moderate weight loss phase in the analysis. A2: ANOVA performed on the two weight loss groups (VLCD and LCD) and including the moderate weight loss phase in the analysis. Significant results are highlighted in bold. Post hoc analysis was adjusted for multiple comparisons (Bonferroni). Letters indicate significant differences (Po0.05) of the study phases relative to baseline. a, small weight loss; b, moderate weight loss; c, maintenance; d, ad libitum. Underfeeding and body water distribution M Siervo et al compartments in this group. Zimmerman et al. 51 studied
changes in E/I in 23 obese subjects undergoing bariatric surgery. The data showed a decrease in ICW during the first 6 months and a stability of ECW, which suggests a loss in cellular mass. Two other studies have investigated the effect of WL on E/I in obese subjects undergoing restrictive or malabsorptive bariatric surgery. 17, 52 The studies have observed a consistent stability of E/I despite large betweenstudy differences in WL (range ¼ 17-53 kg), which may indicate an intrinsically aberrant regulation of water balance in obesity. The same results were confirmed in another study using a 600 kcal per day liquid diet for 3 months, which showed a stability of E/I in obese women after a WL of 12.8 kg. ) and the measurement error associated with the measurement total body K þ using whole-body counting. 11 Wang et al. 11 have recently re-analysed the factors influencing BCM/FFM (age, ethnicity, adiposity, gender) and validated a model based on E/I to estimate BCM/FFM. The values of BCM in men in their population were 0.58 ± 0.04, which were basically equal to the value measured in our population (0.57 ± 0.04). The independent validation of the model in our sample showed a similar correlation between measured and predicted BCM/ FMM as in both studies the coefficient of correlation was greater than 0.90.
Cellular model: excess fluid, lean tissue and AT mass Chamney et al. 26 proposed instead an interesting cellular model based on the assumption of a healthy hydration of lean and AT mass. They used the E/I ratio as a reference measure of whole-body hydration and developed a model able to identify the mass and distribution of the excess body fluids. The comparison of the aggregate baseline M ExF values obtained in our population with values from the obese group reported in the original paper shows that they are very similar (our ¼ 0.167 ± 2.28 kg; Chamney ¼ 0.04 ± 2.35 kg). In our study, fasting and LCD interventions induced an average increase in M ExF similar to the absolute values reported by Chamney et al. 26 when they applied the model to subjects with intermediate malnutrition (M ExF ¼ þ 4 kg), an expected finding in the fasting group but not entirely understandable in the LCD group.
Limitations
The main limitation of the study is the lack of randomization of the subjects to the different intervention, which could have probably controlled for the differences in body mass index, FM and the consequent differences in E/I between the VLCD and the other two groups. However, the statistical analysis was adjusted for differences in WL between groups to take into account this potential confounding factor.
Conclusions
Rapid WL induces more significant changes in fluids distribution and less fat mobilization compared with more moderate WL approaches. The cellular model provides relevant information for the evaluation of fluid distribution and composition of WL, which should be used for the assessment of nutritional status in subjects undergoing voluntary or involuntary WL.
